Summary Background: Total hip arthroplasty (THA) and total knee arthroplasty (TKA) induce inflammatory reactions, which can be described by changes in the neuroendocrine, cellular, protein, and cytokine systems. The aim of this study was to document the normal distribution pattern of the neutrophil-to-lymphocyte ratio (NLR) after THA and TKA and to compare it with postoperative C-reactive protein (CRP) patterns. Methods: Changes in serum CRP levels, neutrophil count, and lymphocyte count were measured before and during the first 5 postoperative days in a prospective study performed on 387 patients undergoing total hip or knee arthroplasty. Results: Mean CRP levels in patients undergoing THA were 7.7 mg/L, 184.8 mg/L, and 115.9 mg/L, respectively, at Days 0, 3 and 5. The mean NLR of patients undergoing THA was 2.9, 3.6, and 2.7, respectively, at Days 0, 3, and 5. Mean CRP levels in patients undergoing TKA were 7.8 mg/L, 192.6 mg/L, and 108.6 mg/L, respectively, at Days 0, 3 and 5. The mean NLR of patients undergoing TKA was 2.8, 3.4, and 2.6, respectively, at Days 0, 3, and 5. When comparing the preoperative value and the Day 3 value, CRP levels increased more than the NLR (almost a 24-fold increase in mean CRP values vs. a 1.2-fold increase in mean NLR values). In both groups, the NLR returned to preoperative values by the 5th postoperative day.
Introduction
Total hip arthroplasty (THA) and total knee arthroplasty (TKA) induce inflammatory reactions, which can be described by changes in the neuroendocrine, cellular, protein, and cytokine systems [1, 2] . C-reactive protein (CRP), an acute-phase protein produced in hepatocytes and macrophages, is the most commonly used marker in clinical practice [3] . Surgical trauma also triggers postoperative changes in white blood cell levels, leading to increased numbers of neutrophils and decreased lymphocyte counts [4, 5] . The neutrophil-to-lymphocyte ratio (NLR) is a simple and cost-effective biomarker of the inflammatory response that can be easily analysed at most hospital laboratories [6] . In elderly patients with hip fractures, high NLR values on admission are a significant risk factor of postoperative infection, myocardial injury, and in-hospital death [7] .
The aim of this study was to document the normal distribution pattern of the NLR after THA and TKA and to compare it with postoperative CRP patterns. The clinical importance of this study would rely on testing the hypothesis that the NLR can be used as a surrogate marker for CRP to describe the inflammatory response to joint replacement in the immediate postoperative period.
Materials and methods

Patients
The study was conducted prospectively on 387 patients who underwent operations (235 THAs and 152 TKAs) at the tertiary care teaching hospital. The period of recruitment was from 2011 to 2014. There were two groups: the THA and TKA group. The mean age in the THA group was 63 AE 12 years (range, 21e89 years) with a median body mass index (BMI) of 29 kg/m 2 . The mean age in the TKA group was 68 AE 10 years (range, 35e85 years) with a median BMI of 31 kg/m 2 . Further demographics are given in Table 1 . The surgical technique, surgical team, and postoperative care were standardised and kept uniform within each group. Patients were mobilised and a standardised rehabilitation protocol was started on the 1st day after surgery in both groups. All patients with inflammatory conditions or receiving anti-inflammatory treatment before surgical intervention were excluded from this study. Patients with preoperative C-reactive protein levels > 10 mg/ L were also excluded, as were patients who developed a prosthetic joint infection within 2 years of operation or any other inflammatory or medical complication during the hospital stay.
Surgical technique
Operations were performed under spinal anaesthesia. All patients received three doses of first generation cephalosporin intravenously as the perioperative prophylaxis (first dose within 30 min of skin incision and then 8 h and 16 h postoperatively). All THAs were cementless (BiContact stem and ScrewCup acetabular cup, Aesculap, Tuttlingen, Germany) and all TKAs were cemented (Triathlon knee and SimplexP cement, Stryker, Mahwah, NJ, USA). The postoperative analgesic protocol excluded the use of antiinflammatory drugs. The rehabilitation program was identical for all patients, with tolerated weight bearing with crutches along with active range of motion exercises conducted the day after the operation. Thrombosis prevention was performed with low molecular weight heparin for 30 days after surgery with enoxaparin. All patients initially included in this study were followed up for at least 2 years in order to fulfil the periprosthetic joint infection surveillance criteria of the Centers for Disease Control and Prevention [8] .
Blood draws
Peripheral venous blood samples were collected 24 h before the day of operation and then on the 3rd and 5th postoperative days. To control for circadian rhythms, all samples were drawn at the same hour in the morning (7:00 AM), and only the patients undergoing the first interventions each day were included. The samples were stored in 4 mL serum separation tubes with clot activator. The tubes were transported within an hour to the laboratory for biochemical processing. They were centrifuged at 1500g for 15 min at room temperature, after which the serum was collected and frozen at À80 C. The inflammatory parameter levels were determined after collection of all sera. As CRP and NLR are not quantified by the same units, the results of each are presented as a percentage, with the highest value in each patient normalised to 100%.
Ethics
This study has been carried out in accordance with the Declaration of Helsinki (2008) of the World Medical Association. The Institutional Review Board approved this study before enrolment (no. 24/02/2010). All patients gave their written informed consent to participation in this study prior to enrolment.
Measurements of inflammatory parameters
All parameters were tested in the same laboratory.
The levels of CRP in the sera of all the participants were established by immunoturbidimetry, using the Turbitex CRP Ultra kit (Biocon Diagnostik, Vöhl/Marienhagen, Germany) on the Metrolab 2300 apparatus (UV-Vis Metrolab S.A., Buenos Aires, Argentina). The CRP content of each serum was tested three times and the results expressed as the mean in mg/L. The assays display a limit of detection of 0.14 mg/L with the normal program. Results were obtained at one decimal precision.
Leucocyte count was typically included in the routine preoperative and postoperative evaluation. All blood samples were anticoagulated by EDTA and processed in a Sysmex blood analyser (TOA Medical Electronics, Kobe, Japan) for the determination of the complete blood cell counts and differential counts of leucocytes. The neutrophil-tolymphocyte ratio was calculated by dividing the recorded absolute total neutrophil and lymphocyte counts.
Statistical analysis
Patient demographics are presented as means and standard deviations for continuous variables. Frequencies and percentages are used for categorical and discrete variables. All laboratory values are expressed as mean AE standard deviation when the distribution was normal and median (with interquartile range or range) when the distribution was not normal. Pre-and postoperative marker levels were compared using Wilcoxon rank sum test; Student t test was also used when there was a normal distribution of means. All statistical analyses were performed using the R 3.0 software (R Foundation for Statistical Computing, Vienna, Austria). We considered probability values < 0.05 significant.
Results
The results for mean CRP levels and NLR are presented in Tables 2 and 3 for patients undergoing THA and TKA, respectively. The mean preoperative CRP level for patients undergoing THA was 7.79 mg/L, and it was 7.82 mg/L for patients undergoing TKA. The highest mean peak of CRP for patients undergoing both THA and TKA was at Day 3 (184.83 mg/L and 192.6 mg/L, respectively). At Day 5, CRP levels were lower than on Day 3 in 225 of 235 patients undergoing THA, and 147 of 152 patients undergoing TKA.
The mean preoperative NLR was 2.93 for patients undergoing THA and 2.75 for patients undergoing TKA. Its mean value reached a peak of 3.58 in patients undergoing THA and 3.38 in patients undergoing TKA on postoperative Day 3. At Day 5, 95.74% (225/235) of patients undergoing THA had a normal NLR (NLR < 5), and 96.05% (146/152) had a normal NLR in the TKA group.
The CRP levels and the NLR expressed as percentages of their maximum values are presented in Figures 1 and 2 , respectively. The logarithms of the mean CRP levels and NLR values are presented in Figures 3 and 4 , respectively. The highest mean peak for both was at Day 3. When comparing the preoperative value and the Day 3 value, CRP levels increased more than the NLR (an almost 24-fold increase in mean CRP levels vs. a 1.2-fold increase in mean NLR).
Only a few patients (10 patients undergoing THA and five patients undergoing TKA) displayed abnormal (defined as nondecreasing concentration between Days 3 and 5 postoperatively) CRP kinetics. Abnormal NLR kinetics were noted in 55 patients undergoing THA and 32 patients undergoing TKA. A complete data set is provided in Tables 4  and 5 CRP Z C-reactive protein; NLR Z neutrophil-to-lymphocyte ratio; Pre-op Z preoperative; SD Z standard deviation; THA Z total hip arthroplasty. CRP Z C-reactive protein; NLR Z neutrophil-to-lymphocyte ratio; Pr-eop Z preoperative; SD Z standard deviation; TKA Z total knee arthroplasty.
Discussion
The most important finding of this study was that the NLR showed a return to preoperative values within 5 days after surgery, while CRP was still elevated, after both THA and TKA. This would be especially important in patients with dubious in-hospital postoperative courses, in whom clinicians frequently suspect infection, as CRP may be used as a factor in determining the need for early revision surgery [9] . In those patients, the lack of, or only slow normalisation of CRP levels will not help clinicians in their diagnostic algorithms. For physicians unfamiliar with normal CRP distribution patterns, it could trigger unnecessary, expensive, and potentially dangerous investigations for the patient, or even lead to unnecessary surgery [10] . In cases when CRP levels do not decrease after surgery, the NLR could provide additional information at no cost, as it is calculated based on complete blood count, which is performed routinely with CRP. However, those values should be interpreted with caution for two reasons. First, the percentage of patients in our study displaying abnormal NLR kinetics was higher than those displaying abnormal CRP kinetics. Second, since this study excluded patients with complications, the predictive value of the NLR as a diagnostic test for infection is not known. Therefore, as with all additional studies, their results should be interpreted along with other clinical characteristics.
Our findings of a postoperative increase in CRP serum concentrations are consistent with previous reports [11, 12] . The peak median values were observed at 72 h postoperatively. Peak CRP levels vary between 100 mg/L and 260 mg/L for both procedures in the literature [1, 13] .
The NLR has been used in multiple clinical settings, including sepsis, infective endocarditis, bacteraemia, and Crohn's disease [14e16]. It has also been used to predict outcomes not only in infection, but also in cardiovascular and oncological patients [17e19]. An NLR > 10 was shown to have higher prognostic accuracy than CRP for predicting bacteraemia [6] .
There is little data on the usefulness of the NLR in total joint replacement. Katoh et al. [20] demonstrated that the neutrophil level after total joint arthroplasty significantly rose from Day 1, peaked at Day 3, and decreased significantly following Day 5. In our study, similar observations were made. The mean lymphocyte levels displayed a reverse pattern; they decreased at Day 3 and increased on Day 5. Therefore, the NLR, which is based on neutrophil and lymphocyte levels, peaked on postoperative Day 3 and returned to the preoperative values on Day 5.
In a study of 255 patients with a nonvertebral bone fracture, including 167 with a hip fracture, Fisher et al. [7] demonstrated that high NLR on admission is an independent indicator of fracture presence, and a significant risk factor and moderate predictor of postoperative myocardial injury, exaggerated inflammatory response or infection, and inhospital death. However, the strongest relationships were noted for high NLR values (> 8.5), which were rarely seen in our patients. They calculated a positive predictive value of the NLR for any of the complications to be only 23.8%, 58.2%, and 40.0%, respectively, for each of the NLR tertiles at admission. This indicated that a higher NLR does not necessarily predict postoperative complications. Furthermore, they studied only admission values and not NLR kinetics. Although this approach might be useful as a screening tool due to its simplicity, it does not take into account interpersonal variability [9] . Of importance, they point out that a higher NLR might simply represent agerelated changes in the immune system and chronic inflammation [21] . Therefore, the authors concluded that the "NLR's prognostic value in relation to individual patients is modest (but superior to the majority of other recommended predictors) and it does not indicate the type of possible adverse outcome" [7] .
Yombi et al. [22] confirmed a faster normalisation of the NLR, compared to CRP levels, in the early postoperative period after 587 TKA cases. They examined CRP and NLR values preoperatively and at postoperative Days 2, 4, 21, and 42. One-fifth of their patients had not reached normal CRP levels within 3 weeks after operation. However, only 4.5% had elevated NLR values (> 5) at the same time point. They concluded that, of the two tests, the NLR was potentially a better biomarker to follow postoperative inflammation or early infection after TKA.
This study has some limitations. One of the limitations lies in the fact that we performed the blood tests only within the 5-day hospital stay. Therefore, we cannot comment on the value of the NLR in the postoperative outpatient setting.
An important limitation of this study is that we did not compare two completely matched groups, which rendered it impossible to perform in-depth analysis of the influence of comorbidities and clinical events, such as hypovolemia and blood transfusion, on inflammatory response [2] . However, we feel that our study setup, with the recruitment of consecutive, nonselected patients, resembles one similar to the everyday clinical practice and therefore, with enough judiciousness, our findings could be extrapolated to the general population.
The strength of this study is that results were available for both the NLR and CRP levels, allowing comparison of both markers.
Conclusion
The present study demonstrated a significant elevation in CRP levels and the NLR following THA and TKA. We describe results of the use of the NLR, as compared to a routinely used marker, CRP, as advantageous in the clinical setting due to faster dynamics of change. Integrating the NLR into clinical practice seems easy and without extra cost. Data are presented as number of patients in each group. Abnormal is defined as a failure to decrease in concentration between Days 3 and 5 postoperatively. CRP Z C-reactive protein; CRP 3 Z C-reactive protein on postoperative Day 3; CRP 5 Z C-reactive protein on postoperative Day 5; NLR Z neutrophil-to-lymphocyte ratio; NLR 3 Z neutrophil-to-lymphocyte ratio on postoperative Day 3; NLR 5 Z neutrophil-to-lymphocyte ratio on postoperative Day 5.
